A quantum chemistry-like approach has been recently developed in our group to deal with He N -BC doped helium clusters, where the BC dopant is a conventional diatomic molecule. The central idea is to consider the He atoms as "electrons" while the B and C atoms play the role of the nuclei in standard electronic structure calculations. The procedure provides energies and wavefunctions allowing to perform spectral simulations and, hence, making feasible to do proper comparisons with current experiments. However, due to the large difference of masses of He and electrons, and also to the replacement of Coulomb potentials by molecular interactions, it is worthy to assess to what extent the approximations involved in this model (decoupling of orbital angular momenta of the He atoms from the BC rotation and adiabatic separation of the BC stretch versus the He motions) lead to accurate results. In this work we address these issues on the 4 He 2 -Br 2 (X) system, containing a couple of bosonic He atoms for which variational calculations can be performed.
I. INTRODUCTION
The unusual features found in spectroscopic experiments on molecules immersed in helium clusters have raised challenging issues related to the quantum nature of this environment.
1 Following the pioneering work on the infrared spectra of SF 6 model potential energy surface (PES) employed, provide the details of the numerical calculations and present the results obtained. The summary and the outlook are outlined in Section IV.
II. THEORETICAL MODEL A. Hamiltonian and Wave Functions
Using satellite coordinates {(r, R k )}, where r is the vector joining the B and C atoms and R k are the vectors from the center of mass of the BC molecule to the different He atoms, one can write the Hamiltonian of the He 2 -BC system as
consisting of a diatomic part which corresponds to the BC molecule
plus the He-BC triatomic Hamiltonians, H t k , (k = 1, 2), and the He-He interactionṼ 12 which includes a potential term V 12 and also a kinetic energy coupling arising from the use of non-Jacobi coordinates,
In Eq. (2), m is the reduced mass of the diatomic molecule, j is the angular momentum associated with r, and U represents the intramolecular diatomic potential. The triatomic Hamiltonians have the form H where µ is the reduced mass of the He-BC system, l k is the angular momentum associated with R k , and W represents the atom-diatom intermolecular potential that depends on the pair of (R k , r) distances and the angle θ k between the R k and r vectors.
We choose a body-fixed (BF) coordinate system with the Z BF axis parallel to r, and denote by λ k the quantum numbers associated with the projections of l k , k = 1, 2, on Z BF . The total wave function is constructed as a linear combination of functions of the form
where χ v is a vibrational state of the (non-rotating) diatomic subunit
In Eq. (5),
where the D J M Ω functions are normalized Wigner rotation matrices that depend on the polar components of r in the space-fixed (SF) frame, J is the quantum number associated with the total angular momentum J = j + l 1 + l 2 , while M and Ω(= λ 1 + λ 2 )
are quantum numbers associated with the projections of J on Z SF and Z BF , respectively.
In Eq. (7) the ψ q 1 q 2 functions are
where q i = {n i i λ i }, i = 1, 2, denote a set of quantum numbers necessary to specify the relative motion of each He atom with respect to BC.In Eq. (8) the f n i radial functions are associated with He-BC stretching motions and Y i λ i are spherical harmonics.
The symmetry operations of the system are the total inversion E * , the permutation of the He atoms, P 12 , and, if BC is homonuclear, the exchange of diatomic nuclei, P BC .
The action of these operators over the functions of Eq. (5) is
and
Hence, a symmetry-adapted basis set is constructed 18 from the functions of Eq. (5) as
which are eigenfunctions of E * , P 12 , and P BC , with eigenvalues ε, κ, and η = ε(−1)
respectively. In Eq. (12), Ω ≥ 0, and N is a normalization factor.
B. Diabatic, adiabatic, and quantum chemistry-like treatments
In an exact treatment, the wave function is expanded in terms of the basis functions of Eq.(12) where the corresponding sum runs over quantum numbers v, q 1 , q 2 , Ω up to convergence.
Taking advantage of the mismatch existing between the low frequency of the He-BC stretching/bending motions and the high frequency of the BC vibrations, one can consider just a unique diatomic vibration in the above mentioned expansion and the diabatic wave function is written as
where the c Ωq 1 q 2 coefficients, and the corresponding E 
In Eq. (14), the vibrational diatomic function χ v is used to average the triatomic He-
and to obtain an effective diatomic
approach, firstly proposed for triatomic systems 24 and also applied to tetraatomic van der Waals systems, 16, 18 in which one considers that the diatomic vibration remains unchanged within the cluster. Such approach is expected to be accurate for the lower diatomic vibrational states. Note that, within this approach, the total energy of the
In the adiabatic (AD) approximation one retains in a first step the rotational term of the diatomic Hamiltonian H d and solves, for different fixed values of the diatomic bond length r,the Schrödinger equation
where
constitutes an additional potential energy term for the diatomic molecule.
Writing down the wave-function as a simple product
The quantum chemistry (QC) treatment, in turn, starts from the adiabatic approach but completely neglects the diatomic Hamiltonian, i.e., considers BC as fixed "nuclei".
So, one solves at fixed r values
looking for just the ground level. Writing again the wave-function as a simple product
, one considers a distortion of the diatomic potential that includes, in addition to E QC (r) of Eq. (18), an average of the diatomic rotation,
where, neglecting Coriolis couplings, one has 12,13,15
and the L 2 average, L = l 1 + l 2 , is computed by using the distribution of L values 14 in the ψ QC state. In Eq. (21), Ω is a good quantum number already determined at solving Eq. (18) . Therefore, in this approach, the total energy of the system is ε 
III. PES, NUMERICAL DETAILS, AND RESULTS

A. Potential Energy Surface
We 
while each He-Br 2 (X) intramolecular potential W was approximated through addition of Morse-type He-Br pair interactions
where s i , i = 1, 2, are the two He-Br distances and
and the He-He interaction is also described by a Morse potential. 31 The corresponding parameters can be found at TABLE I of Ref. [14] . However, in the present calculations no truncation was imposed to the He-He interaction.
B. Numerical Details
In the calculations presented here the following masses (amu) were used: m Br = 78.91830, and m4 He = 4.00260.
The radial f n (R) functions appearing at Eq. (8) were obtained as follows. Fixing the Br 2 bond length at its equilibrium value, we look for the ground level of the triatomic He-Br 2 subsystem at different fixed orientations θ n , by solving the Schrödinger equation
the g n (R, θ n ) functions being then orthogonalized through a Schmidt procedure, which leads to an orthonormal set of f n (R) functions. A grid of 4096 points in the R range of The results of the precedent table are then used, after a linear fitting, to obtain the corresponding perturbation to the diatomic potential energy within the QC and AD approaches. For different (J, v) states, we list in Table II According to first order perturbation theory, the solutions of Eq. (17) in terms of the solutions of Eq. (6) would approximately be 
IV. SUMMARY AND OUTLOOK
The assumptions involved in a quantum chemistry-like treatment of diatomic molecules embedded in helium clusters have been tested on the 4 He 2 -Br 2 (X) system using a model potential energy surface. To this end, we performed a study of the energies of the system and wave functions associated to the diatomic subunit within QC as well as AD and D (exact) treatments. Our main conclusions are:
(1) Adiabaticity of the diatomic stretch is accurate within 0.01 wavenumbers with respect to the diabatic, exact treatment, and constitutes an acceptable approximation.
(2) Decoupling of BC rotation from the He angular momenta is the main source of discrepancies when one compares QC with AD or exact results, the accuracy being of 0.1 cm −1 at J = 0. So, its effect is one order of magnitude more important than the adiabatic assumption, and is magnified as J increases.
The QC treatments can provide qualitative, or even semi-quantitative, descriptions of the main features associated to the spectroscopy of this kind of clusters, although they should be improved in order to provide quantitative predictions. Also, it would be useful to study the accuracy of this approximation in different systems involving faster rotors and/or asymmetric rotors. 
